An inhibitor of polypeptide-chain initiation was isolated from E. coli cells. This protein inhibits formation of the 30S or 70S initiation complex with either fMet-tRNAf as initiator and AUG, MS2 RNA, or late T4 RNA as messenger, or acPhe-tRNA as initiator and poly-(U) as messenger. Chain elongation, e.g., poly(U) translation at high Mg2+ concentration, is not inhibited. The inhibitor is rendered ineffective when active aminoacylation of tRNA is taking place, e.g., during natural mRNA translation. This inhibitor is distinct from the so-called interference (i) factors, which interfere exclusively with the action of initiation factor 3. Since the new inhibitor can apparently be turned on and off, it may have a regulatory function in translation.
We now report on the isolation of a new inhibitor which, unlike the i factors, inhibits formation of the initiation complex in systems, e.g., AUG-dependent ribosomal binding of fMet-tRNAf, poly(U)-dependent ribosomal binding of acPhe-tRNA, that do not require . The inhibitor is rendered inactive under optimal conditions for natural mRNA (e.g., MS2 RNA) translation, when tRNA is being actively aminoacylated. The fact that the inhibitor may be either active or inactive suggests that it may play a role in regulation of translation.
MATERIALS AND METHODS
The Inhibitor was first discovered in high-salt ribosomal washes. Later it was found also in the high-speed supernatant. An outline of its purification from the 1.0 M NH4C1 wash of E. coli MRE600 ribosomes is given here. Cells grown as described (6) were harvested at mid-logarithmic phase and frozen until used. Preparation and washing of the ribosomes Abbreviations: acPhe-tRNA, N-acetylphenylalanyl-transfer RNA; Mg(OAc)2, magnesium acetate; IF, initiation factor; i factor, interference factor; EF, elongation factor. * To whom reprint requests should be sent.
was as described (7) . On fractionation with ammonium sulfate, inhibitor activity precipitated between 0.35 and 0.70 saturation. However, fractions were collected between (a) 0.35 and 0.45, (b) 0.45 and 0.55, and (c) 0.55 and 0.70 ammonium sulfate saturation because (a) and (c) were also used for preparation of IF-2 and of IF-1 and IF-3, respectively. The ammonium sulfate precipitates were dissolved in a buffer (buffer A) containing 10 Translation of Natural Messengers. When the effect of the inhibitor on translation of natural mRNA was studied, we were surprised to find no inhibition even at very high concentrations (Table 2) .
Poly(U) Translation. The effect of the inhibitor on poly(U) translation was assayed under "nonenzymatic" and "enzymatic" conditions. The nonenzymatic" reaction bypasses initiation; Phe-tRNA is bound on the A site in the presence of EF-Tu, EF-Ts, and GTP, and then translocated onto the P site in the presence of EF-G and GTP. In the experiments of Table 3 , high-speed supernatant was used as a source of elongation factors. The "nonenzymatic" reaction was resistant even to high concentrations of the inhibitor, whereas the "enzymatic" reaction was as sensitive as formation of the intiation complex (see Fig. 1 and Table 1 ). The fact that the "enzymatic" translation of poly(U) was inhibited suggested that the lack of inhibition of translation of natural messenger, seen in the experiments of Table 2 , must be due to the inhibitor being rendered ineffective under the conditions of natural mRNA translation. We shall see that this is, in fact, the case.
The lack of inhibition of the 'nonenzymatic" translation of poly(U) clearly shows that the inhibitor does not affect chain elongation. This was further shown in a different manner in an experiment in which translation of poly(U) under "enzymatic" conditions was done in two stages, (a) the poly(U)-directed formation of the 70S initiation complex dependent on acPhe-tRNA and IF-1 and IF-2, and (b) chain elongation upon addition of ['4C]Phe-tRNA and highly purified EF-Tu, EF-Ts, and EF-G. As seen in Table 5 . An amount of inhibitor causing no inhibition of the binding reaction in the presence of all of the above components inhibited 58% in the absence of added amino acids and 94% in the absence of both tRNA and high-speed supernatant.
In another experiment we studied the effect of adding amino acids, tRNAs, and high-speed supernatant, on the "enzy- matic" translation of poly(U). Here again (Table 6) , there was no inhibition in the presence of the three components mentioned, but substantial inhibition (66%) was observed upon omission of either amino acids or tRNA. These experiments clearly show that the initiation inhibitor is rendered inactive under conditions of natural mRNA translation when 
DISCUSSION
This paper describes the isolation of a specific inhibitor of polypeptide-chain initiation from E. coli which can apparently be active or inactive. The inhibitor is rendered inactive under conditions optimal for translation of natural mRNA when active aminoacylation of tRNAs is occurring. Although the mechanism of action of the inhibitor is not known, the possibility of artifacts mimicking inhibition of initiation, such as hydrolysis of the initiator aminoacyl-tRNA, nuclease hydrolysis of tRNA or mRNA, or irreversible damage to the ribosomes, has been excluded, for the purified inhibitor is free from contaminants that could produce such effects. In fact, the release of inhibition under conditions of natural mRNA translation eliminates the possibility that inhibition of the formation of the initiation complex could be due to such side reactions.
It is important to emphasize that the inhibitor described here is distinct from the i factors, which interfere with the activity of IF-3, because the i factors have no effect on formation of the initiation complex with synthetic messengers that do not require (1) and, as seen in this paper, the inhibitor described herein inhibits formation of the initiation complex whether with synthetic or natural messengers, i.e., irrespective of the presence or absence of IF-3.
Although the conditions bringing forth activity or inactivity of the inhibitor bear some resemblance to those controlling the synthesis of ppGpp (14-16), -it is unlikely that the inhibitor is related to the rel factor because the synthesis of ppGpp re- we have seen, the inhibitor is active with 30S subunits alone. Although ppGpp has been reported to inhibit the AUG-or R17 RNA-directed ribosomal binding of fMet-tRNAf (18) , this compound has also been shown to interfere with the activity of the E. coli elongation factor EF-Tu (19) or that of the wheat-germ elongation factor EF-1 (20) , thereby blocking the poly(U)-dependent ribosomal binding of Phe-tRNA mediated by these factors. However, the inhibitor reported in this paper has no effect on reactions mediated by the chain elongation factors EF-Tu and EF-Ts.
The inhibition of polypeptide-chain initiation reported here, and its release under conditions of active aminoacylation of tRNA, may be related to the observation (21, 22) 
